Introduction

Bacteriorhodopsin (bR) expressed in purple membrane of
Halobacterium salinarum is an outward light-driven proton pump [1, 2] . Upon illumination, bR is excited and relaxed to the original bR via a variety of photo-intermediates. During this linear and cycling photochemical reaction (photocycle), bR transports one proton from the cytoplasm to the extracellular medium. In addition to bR, three other kinds of the retinal proteins (archaeal rhodopsins) are expressed in the same strain H. salinarum [3] , and they are structurally similar to one another; they have seven transmembrane helices (A-G) with a chromophore (all-trans retinal) bound to a lysine residue on helix G via a protonated Schiff base. In addition, photo-excitation undergoes a photocycle for all archaeal rhodopsins. These three distinctly related retinal proteins are called halorhodopsin [4] , sensory rhodopsin (also called sensory rhodopsin I) [5, 6] and phoborhodopsin (also called sensory rhodopsin II) [7] [8] [9] [10] , which are a light-driven inward 5 Cl -pump, a sensor for both positive (toward red light) and negative (from blue light) phototaxis, and a sensor for negative (from blue-green light) phototaxis, respectively.
Mukohata and collaborators isolated a bacterium from an
Argentine salt flat, which was named Haloterrigena sp. arg-4.
Of interest, from this strain, Ihara et al. discovered a new retinal protein [11, 12] , which conserves completely the amino acid residues essential for light-driven proton pumping, but the homology with bR has as low as 53%. This protein was named deltarhodopsin (abbreviated as dR, GenBank accession no.
AB009620).
In addition, Mukohata and his colleagues [11] discovered another class of light-driven pumps such as archaerhodopsin (aR) and cruxrhodopsin (cR) having low homology with bR and dR.
In this report, we cloned and sequenced a dR homologue from 
Plasmid for co-expression of HtdR and EmrE
In the construction of a pACYC-based expression plasmid, we first cloned a 464 bp lacZα fragment of pBluescript II SK+(460-934) into the Bam HI site on pACYC184 for an easier detection of the insertion of HtdR on the pACYC plasmid. The resulting pACYC184Zα showed a standard α-complementation in lacZΔM15 background, and provided us a convenient selection.
In order to change the promoter from T7 to lac, the HtdR gene on pET-HtdRHis was fused to lac promoter of pGEM-T plasmid by a PCR-based ligation using primers common to both. The resulting 1093 bp PCR product was blunted with a Blunting Kit (TaKaRa, Japan), and inserted into the Sma I site of the pACYC184Zα
plasmid. The nucleotide sequence of the HtdR coding region was verified, and the plasmid was termed pACT2.
The EmrE expression vector pRA337 was easily derived from pGEM-T, having the emrE gene amplified by PCR under lac promoter.
When the plasmid was introduced into E. coli strain AS1, the cell growth was heavily suppressed even in the absence of IPTG, so that the Sph I/Psh AI digested lacI q fragment from pET32b+ (Novagen) was blunted and inserted into the blunted Sph I site of the plasmid.
Co-expression of HtdR and EmrE
For the construction of a co-expression system of HtdR and EmrE, elsewhere [24] . Photo-induced proton transport across inverted E. coli membrane vesicles was observed using a transparent SnO 2 electrode [25] . The membrane vesicles were prepared through a
French press (1,200 kg/cm 2 , Ohtake).
Results and Discussion
The differences in the amino acid sequences of a putative proton pump between that from the sp. arg-4 [11, 26] and the present result from JCM9743 were found at only two positions: at the was determined to be 2.2 from this spectrum shift (Fig. 2) . The bi-polar CD (circular dichroism) spectra were not found only with a positive band.
A laser flash photolysis measurements were performed for the purified HtdR, bR from E. coli and purple membrane from H. These confirm the proton-pumping activity of HtdR, and it is worth noting that this is accomplished because HtdR can be expressed in a functional form in E. coli membranes. Why does
HtdR have a functional form in E. coli membranes while bR does not? This is an interesting question to be studied in future.
Since light is easy to switch on or off, and almost all molecules may be activated at once, the present system may be useful tool The pKa value, 2.2, was determined by a nonlinear fitting for the absorption change at 615 nm. The experimental condition is the same as that in Fig. 1 . indicating the proton-uptake (details see [25] ). Note that the vesicle is inside-out, and then this result means the photo-induced proton transfer from cytoplasm to extracellular space, as is in bR. 
